Background: Stair-related falls of older people cause a substantial financial 24 and social burden. Deterioration of the visual system amongst other factors 25 put older people at a high risk of falling. Improved lighting is often 26 recommended. The aim of this study was to investigate the effect of lighting 27 illuminance on stair negotiation performance in older individuals with visual 28 impairment. 29 Methods: Eleven participants aged 60 or over with a vision of 6/18 or worse 30 ascended and descended a staircase under: 50lx, 100lx, 200lx, 300lx and 31 distributed 200lx lighting. A motion capture system was used to measure 32 movements of the lower limb. Clearance, clearance variability, temporal and 33 spatial parameters and joint/segment kinematics were computed.
Abstract
Introduction other, thus simulating a domestic staircase. The walls were painted with 145 neutral colour paint to simulate a domestic colour scheme. 146 An array of 4x100W incandescent lamps were used on the top landing of the (2000) , which surveyed 150 older people's households and found that more 156 than 60% of these had lighting of 50lx or less during the day [23] . Optimal An 8-camera motion capture system (Qualysis, Gothenburg, Sweden) running 169 at 100Hz was used for data capture and the 6 degree-of-freedom marker 170 model was used [25] , the model makes use of 25 retroreflective markers to 171 track the movement of the lower-limb segments in dynamic trials. These are 172 divided into 3 markers on the pelvis, 4 marker-clusters on the two thigh and 173 two shank segments and 3 marker-clusters on the two foot segments. Prior to 174 dynamic trials, a pointer was used to digitise relevant anatomical landmarks to 175 allow definitions of segmental coordinate frames (femoral and tibial 176 epicondyles and the 2 nd metatarsal head). In addition, three points at the area 177 of the heel and three points at the area of the toes were digitised to cover the 178 areas of the foot likely to be closest to the stair edge (see Figure S1 ). The 179 biomechanical model was used to redefine the positions of these points 180 virtually using their relative distances to the markers on the foot segment. The 181 minimum straight-line distance between the stair edge and any one of these 182 points was used for foot clearance measurements [14] . 183 Participants were allowed to ascend and descend the staircase before data 184 collection to familiarise themselves with the laboratory set up. Following 185 familiarisation, participants were asked to ascend and descend the staircase 186 using a self-selected speed without the use of handrails. Participants were 187 also instructed to initiate gait using their right foot, this was to ensure that they 188 were clearing and landing on the same steps with their right, consequently the 189 gait cycles of the right (and left) limbs of all trials and all participants were were used to define the knee and ankle joints centres-of-rotation respectively.
201
Coordinate frames for the pelvis, femurs, tibias and feet were defined and 202 joint rotations were computed using a Cardan sequence of flexion-extension, 203 abduction-adduction and internal-external rotation for the hip, knee and ankle 204 joints [25] . Gait events were identified using an algorithm [27] implemented in 205 Visual3D that makes use of kinematic data. The gait events were adjusted 206 manually when they were identified incorrectly to be in the middle of stance or 207 swing. In which case the events were visually created using the marker data 208 and when the anterior-posterior position of the foot markers indicated an initial 209 contact or a foot off. Temporal and spatial gait parameters, clearance and 210 clearance variability were also computed. Clearance was the absolute 211 minimum distance between the digitised points on the foot and the stair edge Table 1 shows the clearance and clearance 224 variability computed for stair ascent and descent. Note that in each gait cycle, 225 the foot clears two step edges before landing. For example, for a right foot 226 gait cycle in ascent initiated at the first step, the foot would have to clear the 227 2 nd step and the 3 rd step edge before landing on the 3 rd step.
228
The mean values obtained from the three repeat trials were used in the Table S2 ). Table S1 . Table 1 shows the mean and standard deviations for clearance and clearance 265 variability of the first and second cleared steps in ascent and descent. The 266 results show that there was no significant difference in clearance and 267 clearance variability between the different lighting conditions in ascent 268 (p=0.129 and p=0.344 respectively) and in descent (p=0.108 and 0.542 269 respectively).
270
In ascent, the mean clearance is generally higher under 50lx lighting with 271 means of 75mm for the first cleared step and 44mm for the second cleared 42.5mm. This difference in the mean values appears to be influenced by the 274 results of three participants, thus suggesting that they adopted a 275 precautionary measure when the lighting condition was poor by increasing 276 clearance. However, this trend was not seen with the other participants, thus 277 the difference was not found to be statistically significant.
278
In descent, there is a trend suggesting an increase in clearance in improved 279 lighting conditions compared to lower lighting conditions. This can be 280 particularly seen in the steps further away from the source of light (S5 and 281 S6), where for example, the clearance is 77mm and 50mm under 200lx 282 distributed lighting compared to 70mm and 48mm for the 50lx. This however, 283 did not reach statistical significance (p=0.108).
284
Temporal and Spatial Parameters 285 Table 2 shows the mean values for the temporal and spatial parameters in the The mean hip, knee and ankle sagittal plane angles for ascent and descent 299 for the 50lx lighting condition are shown in Figure 2 . Table 3 shows The study presents descriptions of the temporal-spatial parameters and lower- the temporal changes seen in descent due to lighting found in this study are 322 not seen in ascent. This is probably because ascent requires more effort than 323 descent and participants were already negotiating the stairs in lower speeds 324 and cadence in ascent.
325
The results are largely in agreement with those of previous studies that The most evident changes to gait characteristics were those seen in temporal 357 parameters during stair descent, where participants reduced their speed as a 358 precautionary measure when descending in dimmer lighting conditions. These 359 adaptations have previously been linked to fear of falling [29] and do not 360 necessarily reduce the risk of falling. This is also evident by the absence of a statistically significant difference in other parameters linked with the risk of 362 falling, such as clearance and gait variability as previously discussed. 363 Generally, lower-limb kinematics were not found to change with different 364 lighting conditions. The failure to promote safe stepping by improving risk- the influence of this behavioural risk factor has not been assessed in this 390 study. One reason very low lighting illuminance was not measured in this 391 study is because the participants here had visual impairments and thus were 392 more likely to use lighting when available. The focus of this study was 393 therefore to assess the spectrum of different lighting conditions that are likely 394 to be available in domestic staircases.
395
In addition to visual input, previous studies have identified kinaesthetic 396 feedback as an important factor in successful negotiation of stairs [31] . The 397 sensory function of the participants included in this study was not tested, and 398 it may be that unidentified losses in their proprioception have also impeded 399 them from using safer stepping strategies. Losses in other muscle strength 400 and flexibility are also likely to play a role in movement control in this 401 population [32] .
402
The experimental setup adopted here could have been affected by 403 habituation, meaning that the participants may have been habituated with the 404 laboratory setup towards the end of the data collection session. To reduce the 405 effect of habituation, the participants were given time to familiarise themselves 406 with the staircase and laboratory surrounding before data collection. A 407 randomisation process was also used to change the test condition after each 408 ascent/descent trial as described in the methods. The study is also limited by the small sample size. The repeated design used here as well as the high 410 correlation between the measurements allowed the investigation of the effect 411 of lighting. However, the study would have benefitted from a larger sample 412 size to confirm the results reported in this study. Ankle Maximum (°) 27.9 (6.5) 28.2 (6.7) 28.4 (6.3) 28.2 (6.1) 28.0 (6.5) 0.620 0.062 Minimum (°) -31.4 (4.4) -21.8 (4.5) -31.3 (4.7) -31.8 (4.1) -31.4 (4.9) 0.556 0.071 Range (°) 59.2 (7.6) 59.9 (7.8) 59.7 (7.8) 60.0 (7.4) 59.4 (8.2) 0.404 0.088
